Abstract-This paper presents a comparison among different consumer 3D display technologies by means of a subjective assessment test. Therefore, four 55-in displays have been considered: one autostereoscopic display, one stereoscopic with polarized passive glasses, and two with active shutter glasses. In addition, a high-quality 3D video database has been used to show diverse material with both views in high definition. To carry out the test, standard recommendations have been followed considering also some modifications looking for a test environment more similar to real home viewing conditions, with the objective of obtaining more representative conclusions. Moreover, several perceptual factors have been considered to study the performance of the displays, such as picture quality, depth perception, and visual discomfort. The obtained results show interesting issues, like the performance improvement of active shutter glasses technology, the high performance of the polarized glasses technology in terms of quality and comfort, and the need of improvement of the autostereoscopic displays to complement the visual comfort to reach a global high-quality visual experience.
I. INTRODUCTION
N OWADAYS, 3D video technology is widely spread across the consumer market providing the users the possibility of watching 3D content not only at cinemas, but also at households with 3D television sets, and even in mobile devices, such as smartphones.
However, there is still the need to research and develop 3D video systems to achieve the total acceptation of the consumers, which has not been gained during these years due to many issues. Especially, because of the lack of high quality 3D video content and due to various factors of the visualization technologies, for instance the need of using specific glasses to watch 3D videos with some visualization systems, which do not provide a totally satisfactory Quality of Experience (QoE) to the viewers.
In this process to reach an essential improvement in 3D video technology, it is crucial to know the opinions and reception of the people regarding 3D video systems and applications, since they are finally addressed to the end users. Therefore, there is a strong active work on the field of users' QoE evaluation, in order to provide a robust basis on the development of 3D video technology, as it happened in other fields, like traditional video and audio coding. Moreover, several new perceptual factors are involved in the visual experience related to 3D video in comparison with traditional video, such as depth perception and visual discomfort [1] . These factors play a crucial role in the viewers' QoE, thus a reliable evaluation is essential to know the perceptual response of people to the 3D video systems and applications under study.
In addition to the human factors involved in the 3D QoE, there are system factors related to the processes of capture, coding, transmission, and visualization of 3D content [2] . In fact, all the steps involved in the processing chain of 3D video could affect the visual experience of the end users. This is the reason why several research works have been proposed in the literature analyzing aspects like capturing effects [3] , coding schemes [4] , transmission events [5] , and visualization issues [6] . However, more studies about the quality perceived by the users of 3D video systems are needed, dealing with new approaches and technologies to achieve a performance improvement and to understand the users' expectations, especially in relation to the capabilities of consumer 3D visualization technologies. In fact, only a few works have been published regarding these issues, which are extremely important as it has been shown in similar fields, like in conventional television sets [7] or mobile devices [8] .
Although the most practical way to assess the QoE perceived by the observers would be by objective metrics that automatically provide estimations of what people perceive, their reliability is not satisfactory in many cases, especially in 3D video, where the research on objective metrics is an ongoing work [9] . Therefore, it is inevitable to turn to subjective assessment tests to obtain robust conclusions about the users' QoE.
Thus, taking this into account, this paper presents a subjective assessment test evaluating and comparing different consumer 3D display technologies, in order to understand people's acceptation, and to analyze possible factors and trends that could help in the improvement of 3D video development. With this aim, several perceptual factors have been evaluated (e.g., picture quality, depth quality, visual discomfort), and standard recommendations for subjective tests with 3D video have been considered, as well as realistic viewing conditions. In addition, a wide high-quality and freely available 3D video database has been used, in order to obtain representative and reliable results.
The rest of the paper is structured as follows. In Section II a detailed description of the technologies used for 3D visualization is given. In Section III, a review of the state-of-the-art in relation with subjective assessment tests with 3D displays is presented. Section IV presents the details of the subjective assessment test carried out for the present work, whose results are shown and explained in Section V. Finally, Section VI provides some general conclusions.
II. 3D DISPLAY TECHNOLOGIES
Since the presentation of the first stereoscope by Charles Wheatstone in 1838 [10] , a great development on technologies for visualizing 3D content has taken place. Especially important is the progress reached in the last years thanks to decisive technological and hardware advances. This development, which is still ongoing [11] , has allowed the apparition of various alternatives to watch 3D content, even in the consumer market.
A possible classification of the displays is based on their degree of parallax, having two-view, horizontal-parallax, and fullparallax displays [12] . The first is the simplest type of 3D displays, which provides one view for the left eye and one for the right eye of the observers to allow stereoscopic perception. On the other hand, horizontal-parallax displays provide simultaneously multiple views of the same scene, so the observers could see different perspectives changing horizontally their position within some defined regions. Finally, full-parallax displays provide variations in what is being perceived by the observers with both horizontal and vertical head movements.
As the scope of this work is focused on consumer displays for 3D video visualization for home entertainment, the three most common technologies have been considered: stereoscopic displays with passive polarized glasses and active shutter glasses, and multiview autostereoscopic displays [13] . However, the interesting properties and capabilities of other visualization technologies, such as head-mounted displays, holographic displays, or integral imaging systems should not be forgotten [11] , [12] .
A. Stereoscopic Displays With Passive Polarized Glasses
These two-view systems present simultaneously the left and right views to the observer using spatial multiplexing, so both stereo images are interleaved line-by-line. Obviously, this entails a reduction of the vertical resolution per eye to the half.
To watch these displays correctly, passive polarized glasses are required to make possible that each eye sees the corresponding stereo view, which is emitted by the display through a filter film located in the screen that polarizes the horizontal lines with alternate polarization.
B. Stereoscopic Displays With Active Shutter Glasses
These are also two-view systems, however, in this case the two views are presented to the viewers alternatively, using time multiplexing. Thus, it is necessary to use active shutter glasses (blocking alternately the light to each eye), synchronized with the TV (usually by infrared systems), to see each time the corresponding view in each eye. Although the spatial resolution of the images is conserved, it is necessary to, at least, double the framerate of the displays to reduce annoying flickering effects.
C. Multiview Autostereoscopic Displays
This type of displays are horizontal-parallax systems that do not require any kind of glasses to watch 3D content, since each view is sent to different spatial regions in front of the display. Thus, when the observer is located at the correct position, each eye receives the corresponding view. The main technologies used are lenticular lenses and parallax barriers. The first type is based on the use of adjacent vertical lenses located in front of the display limiting the visibility of each column of pixels to a specific zone. Therefore, the resolution of the display is divided by the number of zones (i.e., views). On the other hand, parallax barrier displays use vertical slits located in front of the screen, creating contiguous opaque and translucent regions and generating a set of viewing zones where the observers could experience stereoscopic perception. Also, in this type of displays, the resolution is divided by the number of views [12] .
III. RELATED WORK
Subjective tests are the most reliable way to study the effects of 3D visualization on the visual experience of the users. Therefore, several subjective experiments have been carried out analyzing different factors related to watching 3D content. Especially important are those studies concerning visual discomfort or fatigue [6] , commonly experienced by the viewers of 3D video and caused by the use of glasses, motion artifacts [14] , and vergence-accommodation conflicts [15] . Depth perception is other factor affecting 3D video visualization that is being deeply investigated [16] , as well as distortions introduced by 3D visualization technologies, like crosstalk between views [17] , [18] .
Another important issue regarding 3D visualization is to subjectively evaluate the performance of the different technologies that are available to watch 3D content, and compare different approaches to identify their advantages and drawbacks, to determine the best use cases for each solution. For example, Slanina et al. [19] compared the performance of different consumer 3D display technologies: a 32 stereoscopic LCD with passive glasses, a 42 stereoscopic plasma with active shutter glasses, and an 80 projection system with shutter glasses. Various factors influencing the users' QoE (e.g., depth perception, image sharpness, visual comfort) were evaluated by means of a non-standard methodology designed by the authors and using side-by-side videos from a proprietary database. The results showed comparable performance among the considered systems regarding depth perception, but differences in image sharpness and visual comfort. Other example is the study carried out by Kaller et al. [20] comparing the angular characteristics of a polarization multiplex stereoscopic display and a time multiplex display, concluding that the time multiplex technology is better in terms of image quality and perceived depth. Also, Yun et al. [18] carried out a comparison between common stereoscopic displays with active and passive glasses in terms of perceptual resolution and crosstalk, finding out interesting results, such as the lower crosstalk in passive displays. Another interesting study was presented by Rerabek and Ebrahimi [21] comparing three different 3D portable displays that are commercially available, in terms of depth quality and overall quality provided by restitution techniques based on stereo and motion parallax. The results show that the motion parallax method offers a better overall quality, while stereo parallax provides better depth quality.
Taking this into account, the work presented in this paper aims at complementing these previous studies by offering a deep comparison among the three most common 3D display technologies addressed to the consumer market: stereoscopic displays with polarized glasses, with active shutter glasses, and multiview autostereoscopic displays. To avoid the possible influence of the screen size on the comparison, displays of the same size where used. In addition, a standard evaluation methodology was used, although the test environment was set mimicking typical living room viewing conditions to obtain more representative results, since these displays are usually oriented to home entertainment. Furthermore, videos with Full High-Definition (Full-HD) for ach view were used, selected from a high-quality video database available for the community, especially developed for 3D video subjective studies [22] .
IV. SUBJECTIVE ASSESSMENT

A. Evaluation Methodology
The use of an appropriate methodology is crucial to obtain reliable results in the subjective tests. Therefore, the recommendation ITU-R BT.2021 [23] was followed, as it provides the guidelines to carry out subjective tests of 3DTV systems, extending the traditional standard ITU-R BT.500 [24] for subjective assessments with conventional television.
Since the goal of this work was to compare various display technologies (coding or transmission artifacts do not degrade the test sequences) and a simultaneous comparison is not feasible (e.g., due to the use of different glasses), a single stimulus method was selected. Therefore, all the test sequences were evaluated by observers in each display at a time, presenting a different random order of the displays in each test session.
In particular, for each test sequence, the observers were asked to evaluate the picture quality, depth quality, and visual discomfort, which are the primary perceptual dimensions in 3D video [23] . A five-grade quality scale was used to evaluate picture quality and depth quality, while a five-grade comfort scale was used for visual discomfort, as defined in [23] .
After the evaluation of all the test sequences in a display, the observers were asked to provide a global score for the primary perceptual factors for that specific display, in addition to global evaluations for the additional perceptual dimensions: naturalness and sense of presence [23] . Also, an overall evaluation of the whole visual experience utilizing the quality scale was requested. Moreover, after the evaluation of all the displays, the observers were asked to rank them considering their global QoE.
The test sessions started with an exhaustive explanation of the experiment (focusing attention on the definitions of the perceptual dimensions extracted from the recommendation ITU-R BT.2021 [23] ), a visual screening of the observers, and the visualization of training sequences in all the displays, in order to familiarize the observers with the different TVs and provide a reference for the subsequent evaluations. After evaluating each display, the observers could have a break time while the following display was set up. The total duration of the whole assessment session was around 50 minutes.
To collect the opinions from the observers, questionnaires with boxes were used, where they were asked to write a mark 
B. Environment and Equipment
Four consumer displays were selected to carry out the tests, all of them having a screen size of 55 , in order to avoid the influence of other factors than the technology in the visual experience. In particular, the displays used in the experiment are detailed in Table I , where the values of luminance were measured without glasses and through them (in parenthesis). The complete technical specifications of the displays can be found in [25] - [28] .
The displays SO and LG are typical HD LED consumer displays, while SA is a curved UHD LED display. According to manufacturers, this type of screen improves some aspects in comparison with typical flat screens, such as immersiveness, sense of depth, contrast, sharpness, field of view, and effective viewing angle. On the other hand, some drawbacks have been observed, like worse effects of onscreen reflections, geometry issues when watching from the sides or a limited viewing area around the center of the screen to appreciate the advantages of the curved display. Some of these aspects were taken into account in the analysis of the results, except from those related to viewing positions, since they were not considered in the realization of the tests, where the observers were seated around the center of the screen.
The autostereoscopic display uses the lenticular technology to provide nine views (taking a stereo pair as input and using a proprietary algorithm to create seven more perspectives) with an effective resolution of 720p, thanks to a total panel resolution of 3840 2160 pixels and a pixel layout to group each nine pixels. The display has an integrated camera that detects the observers' faces to adjust the viewing zones. In particular, it recognizes the person closest to the center of the TV and sets four more adjacent viewing zones. This process is especially important to assure the correct position of the observers within one of the viewing zones, which are approximately 50 cm wide, and allow the observers to properly perceive the nine views without blurring effects that appear when they are not well positioned.
To playback the test sequences a PC with a graphic card GeForce GTX 560 and Nvidia 3D Vision drivers were used to run the Stereoscopic Player [29] , providing the output to the Since the displays used are addressed to consumer market, the test conditions should be kept as far as possible similar to a typical real-life usage. Thus, the displays were configured in standard mode with default settings (e.g., medium brightness, maximum contrast, etc.) and disabling any image processing algorithm that they could implement (e.g., increase depth, edge enhancement, etc.), apart from the generation of the nine views of the autostereoscopic display and the upscaling of SA and SO displays to fit the whole screen.
Furthermore, one of the main aspects in the design of a subjective test is the selection of the appropriate test environment. Although commonly the international recommendations are used to establish a standardized test environment, there is a recent trend focused on carrying out subjective tests under realistic conditions, similar to those the users have at their homes [5] . The objective of these approaches is to obtain more representative results from the experiments, because using standardized environments could distance the observers from real viewing conditions. Therefore, since the systems under study in the present work are displays addressed to the consumer market to be used in a domestic context, the test environment was set mimicking home conditions, as shown in Fig. 1 . Thus, a couch was placed at around 2.1 meters from the display position (which corresponds to a viewing distance of 3H and it is within the viewing distance ranges of all the displays used), and the ambient lightning conditions were controlled to avoid disturbing reflections.
C. Test Material
A total of nine stereoscopic Full-HD (1920 1080 each view) videos were used as source material for the test. The sequences were selected in order to cover a wide range of contents and spatial, temporal, and depth characteristics. The selected sequences are described in Table II , where their main properties can be found. In particular, SI and TI are the spatial and temporal perceptual indicators, as defined in ITU-T P.910 [30] , based on the standard deviation over the pixels of the Sobel-filtered frames, and on the motion difference between adjacent frames, respectively. DSI and DTI are the spatial and temporal perceptual indicators computed similarly over the depth maps, and and are the maximum crossed and uncrossed disparities. All the sequences were selected from the freely available database published in [22] , where more details can be found, except "Big Buck Bunny" that is a segment of an open source movie [31] . The sequences V1-V9 were used for the test sequence generation, while the sequences T1 and T2 were used in the training process of the observers explained in Section IV-A. The original sequences were converted using Ffmpeg [32] to avi files containing uncompressed video with 24 fps without audio, to avoid the introduction of possible coding degradations and synchronization errors, and the influence of audio in the observers' QoE.
Since one of the objectives of the experiment was to compare the QoE perceived by the observers with stereoscopic and monoscopic content, the videos were also displayed in 2D using twice the left view as inputs, so the viewing conditions were the same than in 3D (frame packing format, display properties, observers wearing glasses, etc.). To equalize the conditions in which the videos were evaluated, the test sequences were generated concatenating the 18 videos (9 in 3D and 9 in 2D), using different randomizations for each observer and display, with the condition of not watching the same source consecutively. After each clip of the test sequence, a message in a grey background was displayed during ten seconds providing the time to the observers to write their scores in the questionnaire, and indicating the number of the corresponding box to write them, as depicted in Fig. 2 .
D. Observers
A total of 26 observers (9 females, 17 males) participated in the tests, all of them having normal or corrected vision as reported in a previous visual screening carried out before each test session, in which a Randot test were used for 3D vision. The ages of the participants were ranged between 20 and 50, with an average age of 31. The observers were rewarded for their participation in the tests, and a maximum of two observers were allowed in each test session. Furthermore, a screening of the results scores provided by the observers was carried out according to the method recommended in ITU-R BT.500 [24] , but no outliers were detected.
V. RESULTS
In the following subsections the main results obtained from the experiment are exposed. The results shown in the figures were obtained computing the Mean Opinion Scores (MOS) from the evaluations provided by the observers in the questionnaires. In addition, the 95% confidence intervals are represented according to the computation recommended by the standard ITU-R BT.500 [24] .
A. Picture Quality and Depth Quality
The results obtained for the evaluation of picture quality are shown in Fig. 3 for the 3D (in columns) and 2D (lines with markers) sequences. Regarding 3D picture quality, the general trend is that SA and LG displays provide better image performance, while the autostereoscopic display (TO) is the weakest system in this aspect, due to the loss of sharpness caused by the reduction of the resolution by the number of views. An important point that could be extracted from these results is the difficulty in perceiving the resolution loss of the stereoscopic display with polarized glasses (LG). Also, the effects of visualizing the videos in 720 p format in the SO display instead of 1080p are not easily discernible, since the picture quality of this display is similar to the other stereoscopic displays. Considering the results for the monoscopic test videos there is more similarity among the performances of each display.
To study the statistical significance of the differences among MOS values of picture quality for different displays and contents, analyses of variance (ANOVA) have been performed. In particular, a two-way repeated measures ANOVA showed significant effects of the display ( for 3D content and for 2D), the content ( for 3D and 2D), and a significant interaction between both factors ( for 3D and 2D). Moreover, one-way repeated measures analyses were applied to study the simple main effects, revealing a significant effect of content for each display ( for all cases in 2D and 3D) and a significant effect of display for each content ( at least), except for V1, V5 and V9 for 3D, and V1, V3, V7 and V9 for 2D. For the 3D versions, this could be caused by the lower spatial detail of V1 and V5 in comparison with the rest of the clips, could lessen the impact of resolution losses of LG and TO displays, and the typically better visualization of computer graphics movies in 3D for V9. On the other hand, the less significant influence of the display in the 2D contents is in accordance with the high performances of the displays working in a conventional mode and without resolution losses. It is also worth noting that, in general, the poorest results were obtained for V2 and V4. In fact, V2 is a scene of a basketball match with a wide camera panning that could introduce some motion artifacts in 3D affecting the perceived quality. In the case of V4, poor results were obtained both in 2D and 3D, which could be caused by a strong lightning change contained in the sequence. In relation with depth quality (see Fig. 4 ) similar results have been obtained for the three stereoscopic displays (SA, LG, and SO) providing a good performance for all 3D contents. However, the results confirm the worse ability of autostereoscopic displays to provide depth sensation to the .4.5 observers. Again, V2 is the content with lower scores for 3D depth quality, which, as aforementioned, could be caused by motion artifacts produced by the camera panning. On the other hand, V8 and V9 provide the best results, since the first sequence is a scene recorded from a close distance and taking care on avoiding the frame effect, in which the umbrella offers a good sensation as it is going out of the screen, and V9 is a cartoon video in which depth issues are easily controlled. Finally, as expected, the results show a poor depth quality of the test videos when displayed in 2D for all displays.
Similarly as for picture quality, ANOVA analyses have been performed with the MOS values obtained for depth quality. The two-way repeated measures ANOVA also showed a significant effect of the display and the content ( for 3D and 2D for both effects), and a significant interaction between both factors ( for 3D and 2D). In addition, one-way repeated measures analyses revealed a significant effect of content for each display (at least for all cases in 2D and 3D), except for the LG in 2D. Also, a significant effect of display was proved for all contents in 3D ( for all cases), but only for V2, V4 and V8 in 2D at level. Again, the less significant influence of the display in 2D reflects a uniform performance of the TVs in monoscopic mode, while LG display offers a more stable response regarding the depth sensation of content visualized in 2D. In opposition, the good results of SA obtained in some monoscopic videos, like in V2 based on a camera panning in a basketball match, could reflect an improvement in depth sensation thanks to the curved screen. However, this is not evidenced with 3D videos as exhibited by the similarity of the results for the three stereoscopic displays.
B. Visual Discomfort
The results obtained from the evaluations of visual discomfort are shown in Fig. 5 . In general, the best performance in terms of visual comfort for 3D content is provided by the autostereoscopic display. On one hand, this fact could be related to the reduction of the depth sensation offered by the autostereoscopic display, since it can lessen the impact of excessive disparity (as happens in V7) or frame effects (as appear in V4, where the disparity concordance between the content and the screen frame is violated). On the other hand, apart from the annoyance caused to the visual system, some observers considered the use of glasses a source of discomfort in their viewing experience, thus this could be another reason to the better performance of the TO display in this aspect. It is worth noting that for some contents the autostereoscopic display is significantly better than the stereoscopic technology with active shutter glasses, possibly due to the flickering effects that can be perceived with these systems in some scenes with high motion activity (V2 has the greatest TI) or bright colors (V5).
Regarding the visual comfort in 2D test videos, in general, better results were obtained in comparison with the corresponding 3D versions of the sequences, and similar performances are provided by all displays. Generally better results were reported by the autostereoscopic display, since no glasses are needed, and the stereoscopic with polarized glasses, caused by the absence of flickering effects.
Again, the two-way repeated measures ANOVA carried out with the MOS values obtained for visual discomfort reflected a significant effect of the display and the content ( for 3D and 2D for both effects), and a significant interaction between both factors ( for 3D and for 2D). Furthermore, one-way repeated measures analyses revealed a significant effect of content for each display (at least for all cases in 2D and 3D), and a significant effect of display for all contents (at least for all cases) except for V8 in 3D, and V4, V7 and V8 in 2D. In the case of V8, it could be caused by the good properties of the content (slow motion, no frame effects, no excessive disparity, etc.), while for V4 and V7 the visual comfort with the monoscopic versions is considerably better than in 3D, probably due to frame effects and excessive disparity, respectively. A similar behavior could be observed with V2 that could be produced by the appearance of motion artifacts in 3D.
C. Global Display Comparison
As mentioned in Section IV-A, after the evaluation of all the test videos in one display, the observers were asked to provide global evaluations of that display in terms of the five primary and additional perceptual dimensions [23] , and a score for the overall QoE. From the results collected in the questionnaires, the MOS values were computed and they are depicted in Fig. 6 . Concerning picture quality (PQ) and depth quality (DQ), the results confirm the conclusions described in Section V-A regarding the better performance of SA and LG in terms of picture quality, and the poor ability of the autostereoscopic display to provide depth sensation.
Looking into visual discomfort (VD), the best results are provided by the TO and LG displays, mainly thanks to the glassesfree technology in the first case and the absence of flickering effects in the latter. The impact of flickering effects that appear using active shutter glasses are also reflected in the significantly worse results that the SO display obtains in this perceptual dimension.
In relation with the additional perceptual dimensions, for naturalness (N) the LG display seems to offer a better perceptual realism, while in the case of sense of presence (I), which is one of the aspects of the viewers' QoE that could be enhanced with curved displays (such as SA), similar results were obtained among the stereoscopic displays, while the autostereoscopic display offers the worst immersiveness.
Taking into account the evaluations of the overall QoE provided by each display, it can be observed that the SA and LG displays are the best options for 3D visualization in a consumer environment. On one hand, this shows the good performance of stereoscopic displays with polarized glasses, in spite of the loss of resolution due to the spatial multiplex of the stereo views. These displays provide a high picture quality, good depth sensation, and the glasses are generally more comfortable than active shutter glasses and do not cause flickering effects. On the other hand, the evolution of the technology of stereoscopic displays with active shutter glasses, reducing the discomfort of the glasses, is evidenced, since the SA display provides one of the best performances. This fact, in addition to the increase of screen resolution offering a better picture quality, improves considerably the QoE provided by the older SO display. Finally, the results also reflect the low capabilities of the autostereoscopic displays to provide a satisfactory 3D sensation, in spite of the advantage of not needing glasses in terms of comfort.
To analyze the statistical significance of the differences among the MOS values obtained for each perceptual dimension and each display, a one-way repeated measures ANOVA was applied, showing a significant effect of the display in all dimensions (PQ:
, DQ: , VD: , N:
, I: ) and in the global QoE evaluation . At the end of the test, the observers were asked to rank the displays according to their preferences. The results for the rankings concerning the overall QoE are shown in Fig. 7 . As it can be seen, the favorite alternative was the stereoscopic display with polarized glasses, selected as the best display by more than half the observers, followed by the newest display with active shutter glasses. On the other hand, the autostereoscopic display seems to be the worst option. These results confirm those aforementioned and depicted in Fig. 6 .
D. Other Observations
After the evaluation of each display, the observers were allowed to write free-form comments about their visual experience. Mainly, these observations were focused on the discomfort caused by the active shutter glasses (due to flickering effects, reflections or lack of comfort, especially when the observer also wears progressive glasses), changes in the colors in the case of the SO display, and blurring effects in the autostereoscopic display. In addition, the observers were asked whether they felt visual fatigue, and 54% of the observers reported symptoms like eye fatigue and slight dizziness or headache.
VI. CONCLUSION
Despite the spread of 3D video technologies in the consumer market, there is still the need of research to improve their performances and to satisfy the users' expectations. Thus, to know in depth the perceptual differences among consumer 3D displays, this paper presents a subjective test comparing the three most common technologies for 3D visualization: stereoscopic displays with polarized glasses and with active shutter glasses, and multiview autostereoscopic displays.
The subjective test was designed following the standard recommendations for 3D video evaluation, but the test environment was set trying to mimic real living room conditions to obtain more representative results for consumer displays. Also, several factors influencing the users' QoE were evaluated using a diverse high-quality video database.
Some interesting conclusions could be extracted from the results. Firstly, the stereoscopic display technology, which was the favorite alternative for more than half the observers, offers a notable performance, even though the resolution is reduced due to the spatial multiplex of both stereo views. Secondly, there has been a great improvement of the technology of stereoscopic displays with active shutter glasses, especially reducing discomforting aspects of the glasses, like flickering effects. Finally, autostereoscopic displays still provide a poor 3D visual experience, despite the advantage of not needing glasses to watch 3D content.
